Background: Bronchopulmonary dysplasia (BPD) remains an important complication of preterm births. The soluble form of ST2 (sST2), interleukin-33 (IL-33), and soluble form of the urokinase plasminogen activator receptor (suPAR) have attracted increasing attention as biomarkers for different diseases. The aim of the current study was to assess the predictive value of plasma sST2, IL-33, and suPAR levels in patients with risk of BPD development. Methods: A total of 38 babies were studied prospectively on delivery to the neonatal intensive care unit. Serum levels of IL-33, sST2, and suPAR were measured using enzyme-linked immunosorbent assay. Serum samples were collected from umbilical cord (at the time of delivery, termed CB) and peripheral blood (on day 14, termed PB). results: Levels of suPAR (PB-suPAR) and sST2 (PB-sST2) in the peripheral blood of the BPD group were significantly higher than the corresponding levels in the non-BPD group (P < 0.001, P = 0.028, respectively. There was a statistically significant correlation between PB-suPAR levels and the severity of BPD (P < 0.001)) when the suPAR results were analyzed using the receiver operating characteristic curve. conclusion: PB-suPAR and PB-sST2 levels are sensitive and specific independent predictive biomarkers in preterm babies with BPD.
B
ronchopulmonary dysplasia (BPD) is a chronic lung disease associated with preterm babies who require mechanical ventilation and oxygen therapy for acute respiratory distress (1) . BPD remains a serious and common problem in very-low-birth-weight infants despite the use of antenatal steroids and postnatal surfactant therapy to decrease the incidence and severity of respiratory distress syndrome (RDS) ((2-4). The incidence of BPD is directly proportional to the degree of prematurity. BPD has a complex and multifactorial etiology, including oxygen toxicity, preterm delivery, hypoxia/ hyperoxia, infection, and inflammation (5) (6) (7) . Many studies have suggested that BPD is a result of imbalance between proinflammatory and anti-inflammatory mechanisms (8, 9) .
The ST2 gene, which produces a soluble secreted form (sST2) and a transmembrane form (ST2L) of the IL-1 receptor, is expressed in several cells, including Th2 cells, mast cells, and macrophages (10) . Interleukin-33 (IL-33) was identified as a new member of the IL-1 cytokine family. It has been described as a modulator of inflammation, mediating Th2 immune responses. It has also been detected that IL-33 is involved in the pathogenesis of chronic inflammatory diseases (11) . Recently, it has been shown that IL-33 can bind to ST2L and can thereby trigger Th2-associated responses. Soluble ST2, which is mainly secreted by fibroblasts, has been suggested to act as a decoy receptor by binding IL-33, thereby inhibiting signaling by ST2L (12) . Elevated sST2 levels have been reported in sepsis, asthma, and acute myocardial infarction. A significant positive correlation between sST2 levels and severity of these medical conditions has been shown (13) .
The urokinase plasminogen activator (uPA) and the receptor of uPA (uPAR) exist in both endothelial and immune cells (i.e., monocytes and activated T cells), and uPA increases the conversion of plasminogen to plasmin. However, it also has various effects on the regulation of cell migration, angiogenesis, proliferation, and adhesion (14) . A soluble form of uPAR (suPAR) is shed or cleaved off from the cell surface into body fluids, including plasma and urine (15) . A strong association has been shown between high suPAR levels and poor prognosis of several cancer types and infectious diseases (16) . Further, a recent study has suggested that suPAR is positively associated with the risk of developing diabetes and cardiovascular disease and may be a general marker of low-grade inflammation responsible in the pathogenesis of both diseases (17) . Another study has suggested that suPAR is associated with subclinical organ damage independently from traditional risk factors (18) .
Because early prediction of BPD development is paramount and can facilitate targeting of prophylactic interventions, in Soluble ST2, IL-33, and suPAR in BPD Articles this study, we aimed to explore whether plasma sST2, IL-33, and suPAR levels can have a predictive value for BPD.
RESULTS
A total of 44 preterm infants were included in the study, but six of them were dead due to several reasons. Four of six babies died within the first 2 wk of life due to early-onset sepsis (2) and respiratory failure (2) , and the remaining two babies died of necrotizing enterocolitis at the end of the third week. These babies were excluded from the study because they were dead before day 28, and so it was not clear whether they would have BPD or not. Of the 38 patients included in the study, 13 were in the non-BPD group and 25 were in the BPD group. Of the latter 25 patients, 7 were in the mild, 10 were in the moderate, and 8 were in the severe BPD groups.
The demographic findings and the plasma levels of sST2, IL-33, and suPAR in the BPD and non-BPD groups are summarized in Table 1 . There were no significant differences between the BPD and the non-BPD groups in terms of demographic findings consisting of gestational age, birth weight, gender, antenatal betamethasone usage, chorioamnionitis, early or late sepsis, maternal antibiotic usage, and necrotizing enterocolitis. However, in the BPD group, the frequencies of preterm premature rupture of membranes (PPROM), patent ductus arteriosus , duration of mechanical ventilation, and RDS were significantly higher than the frequencies in the non-BPD group. There were no significant differences between the BPD and the non-BPD groups in the CB-IL33, PB-IL33, CB-sST2, and CB-suPAR levels. However, PB-sST2 and PB-suPAR levels in the BPD group were significantly higher than the levels in the non-BPD group (median = 0.32 ng/ml, interquartile range (IQR) = 0.21-1.25 ng/ml vs. median = 0.75 ng/ml, IQR = 0.12-3.12 ng/ml, P = 0.028; median = 0.79 ng/ml, IQR = 0.38-2.27 ng/ml vs. median = 2.33 ng/ml, IQR = 1.06-5.43 ng/ml; P < 0.001, respectively).
There was a positive, moderate, and statistically significant correlation between PB-suPAR levels and the severity of BPD (rho = 0.659, P < 0.001) (Figure 1 ). The optimum diagnostic cutoff point was 1.55 ng/ml, the area under the curve was 0.902, P < 0.001 (95% confidence interval (CI) = 0.80-0.99), sensitivity was 88% (95% CI = 86.8-89.2), specificity: 84.6% (95% CI = 83.4-85.8), positive predictive value: 78% (95% CI = 77.4-79.8), and negative predictive value: 91.7% (95% CI = 90.5-92.9) (Figure 2a) . We found that an increase of 1 ng/ml in PB-suPAR levels increased the risk of BPD 12.92-fold (95% CI = 2.52-66.18, P = 0.002). The risk of BPD development in elevated PB-suPAR level patients (>1.55 ng/ml) was 40.33-fold higher than the risk in those with lower levels (<1.55 ng/ml) (95% CI = 5.85-277.88, P < 0.001).
There was a statistically significant difference between the subgroups (mild, moderate, and severe) of BPD according to the suPAR levels. To determine the group or groups that cause the main difference in the statistical analysis, posthoc analyses were performed. Thus, we found that the difference originates from the severe BPD group and that the suPAR levels were higher in this group than in the mild and moderate BPD groups (P = 0.003, and P = 0.009, respectively). Due to the small sample size in our study, patients with mild BPD who do not require any therapeutic interventions and those without BPD were considered as a single group (n = 20); on the other hand, patients with moderate and severe BPD were both considered as the second group (n = 18). When receiver operating characteristic analysis was performed for these two groups, the area under the curve was found to be 0.861, with P < 0.001 (95% CI = 0.75-0.98) (Figure 2b ).
DISCUSSION
There are many studies that tried to demonstrate an association between the predictive value of some biomarkers and the risk of BPD in the early stages, but none of them has been effectively used in practice. In the current study, we evaluated the predictive values of IL-33, sST2, and suPAR as regards BPD development in a cohort of preterm babies (with ≤32 wk of gestation) followed in a neonatal intensive care unit. We measured IL-33, sST2, and suPAR concentrations at the time of delivery Articles Tunc et al.
and on the day 14 of life, in blood from umbilical cord (termed CB) and in the peripheral blood (termed PB), respectively. There was no correlation between CB-sST2, CB-IL33, and the development of BPD. As compared with the CB-suPAR levels, PB-suPAR levels had a significant value in predicting BPD.
There was a strong positive correlation between PB-suPAR levels and the severity of BPD. IL-33 and sST2 have recently been found to be involved in the pathogenesis of chronic inflammatory diseases (11 showed that the IL-33/ST2 signaling pathway activated the production of IL-8 by epithelial cells and in this way, could be involved in chronic allergic inflammation of the asthmatic airway (20) . In our study, there were no significant differences between BPD and non-BPD groups in terms of CB-IL33 and PB-IL33 levels. Martinez et al. showed that concentrations of sST2 were significantly higher in patients with pulmonary diseasescompared with the levels in subjects without cardiopulmonary disease-and were high in patients with acute pulmonary diseases, in addition to having prognostic importance for death by 1 y (21). In our study, there was no significant difference between BPD and non-BPD groups in the CB-sST2 levels. However, we found that PB-sST2 levels in the BPD group were statistically higher than the levels in the non-BPD group, and this finding was concordant with literature.
The uPAR and its ligand uPA are participants in various immunologic functions and promote tissue invasion by converting plasminogen into plasmin, resulting in degradation of the extracellular matrix. In some studies, it has been reported that plasma suPAR level is related to different conditions of immune activation and is a reliable prognostic marker for the level of inflammation (22) . Additionally, expression and release of uPAR is upregulated by a number of proangiogenic or proatherogenic growth factors, cytokines such as IL-1, and vascular endothelial growth factor, suggesting its involvement in proliferative and inflammatory processes (23). Koch et al. demonstrated the prognostic impact of serum suPAR levels during the clinical course within the first week in a large cohort of critical adult patients in a medical intensive care unit (24) . Sarafidis et al. showed that infants with BPD have an early persistent inflammatory response (25) . Some studies have demonstrated that there is an increase in plasma suPAR levels in infectious and rheumatic diseases (23) . In our study, the frequencies of PPROM, patent ductus arteriosus, duration of mechanical ventilation, and RDS in the BPD group were significantly higher than the frequencies of the same in the non-BPD group. There was no significant difference between BPD and non-BPD groups for CB-suPAR levels. However, we found that PB-suPAR levels in the BPD group were statistically higher than the levels in the non-BPD group. This increase in PB-suPAR levels may be associated with immunologic and inflammatory mechanisms, playing a role in the pathogenesis of BPD. A recent study showed that plasma suPAR level is positively associated with risk of development of diabetes and cardiovascular disease (17) . This finding may mean that high level of suPAR is an indicator of low-grade inflammation similar to BPD. In our study, we found a statistically significant positive correlation between PB-suPAR levels and the severity of BPD. The optimum diagnostic cutoff point was 1.55 ng/ml. The area under the curve was 0.902, and sensitivity, specificity, positive predictive value, and negative predictive value were 88.0, 84.6, 78.0, and 91.7%, respectively. We also found that an increase of 1 ng/ml in PB-suPAR levels increased the risk of BPD 12.92-fold. The risk of BPD development in patients with elevated PB-suPAR levels was 40.33-fold higher than in those with lower levels. There was a statistically significant positive correlation between PB-suPAR levels and the severity of BPD.
van Zoelen et al. showed that uPAR played a detrimental role in hyperoxia-induced lung injury and that uPAR deficiency is associated with diminished neutrophil influx into both lung tissues and bronchoalveolar spaces and is accompanied by decreased pulmonary injury (26) . Shushakova et al. showed that the urokinase/urokinase receptor system mediated the immunoglobulin G immune complex-induced inflammation in lungs (27) . In the current study, it is unclear whether serum suPAR level is truly causatively involved in mechanisms of BPD or whether it reflects inflammation in BPD.
In conclusion, in this study, we aimed to evaluate whether IL-33, sST2, and suPAR may be predictors of BPD development. Among these, PB-suPAR levels displayed the best predictive accuracy for development of BPD. Given the high predictive value of the 14th-d suPAR levels in our results, future studies should address whether suPAR levels can be used to avoid the course of BPD and also for developing preventive strategies. Finally, further studies are definitely required for a better understanding of the biochemical and regulatory roles of suPAR in preterm babies. The limitation of our study is the evaluation of only the predictive value of these markers. To investigate the prognostic significance of plasma suPAR, further studies are needed.
METHODS

Subjects
Preterm infants born in Istanbul University's Faculty of Medicine between 2011 and 2012 and with a gestational age ≤32 wk were enrolled in the study. Gestational age was assessed by maternal menstrual dating and obstetric ultrasonography and was confirmed by the new Ballard score (28) . Preterm infants of mothers who had diabetes mellitus or parathyroid, bone, renal, gastrointestinal, and other chronic diseases were excluded.
A total of 44 preterm infants were included in the study, but six of them were dead because of several reasons. Demographic findings consisting of gestational age, birth weight, gender, BPD, antenatal betamethasone usage, PPROM, chorioamnionitis, early or late sepsis, maternal antibiotic usage, RDS, duration of mechanical ventilation, patent ductus arteriosus, and necrotizing enterocolitis of groups were recorded from the patients' files. BPD was classified and defined as mild, moderate, and severe according to the National Institute of Child Health and Human Development and National Heart, Lung and Blood Institute Workshop (29) . Applying clinical criteria to samples from both 28 d and 36 wk postmenstrual age, workshop participants defined mild BPD as the need for supplemental oxygen at ≥28 d but not at 36 wk postmenstrual age; moderate BPD was defined as the need for supplemental oxygen at 28 d, in addition to supplemental oxygen at FiO 2 (fraction of inspired oxygen) ≤0.30 at 36 wk postmenstrual age; and criteria for severe BPD included the need for supplemental oxygen at 28 d and, at 36 wk postmenstrual age, the need for mechanical ventilation and/or FiO 2 (fraction of inspired oxygen) >0.30 (30) .
The preterm infants with BPD and the non-BPD infants were compared with each other in terms of demographic and laboratory findings.
Blood Samples
Blood samples were collected from umbilical cord at the time of delivery for analyses of suPAR (CB-suPAR), sST2 (CB-sST2), and IL-33 (CB-IL33) and from peripheral blood on the day 14 of life (for analyses of PB-suPAR, PB-sST2, and PB-IL33). After collecting Articles Tunc et al.
all samples and clotting of the same, the serum samples were frozen and analyzed. Plasma levels of IL-33 (GenWay Biotech, San Diego, CA) were measured by commercial sandwich enzyme-linked immunosorbent assay. Serum levels of sST2 (The Marine Biological Laboratory, Woods Hole, MA) were measured by commercial sandwich enzyme-linked immunosorbent assay. The capture antibody and the horseradish peroxidase-conjugated detection antibody involve two anti-human ST2 mAbs (monoclonal antibodies) that recognize two different epitopes. The sensitivity of the immunoassays for IL-33 and sST2 are 0.7 and 0.032 ng/ml, respectively. The levels of suPAR were measured by an enzyme-linked immunosorbent assay (detection limit: 0.25 ng/ml), as specified by the manufacturer (American Diagnostica, Greenwich, CT).
Statistical Analysis
SPSS for Windows was used for data analysis on a personal computer. Mann-Whitney U-test was used for comparing continuous variables, and χ 2 test was used for nominal variables. Kruskal-Wallis and posthoc Bonferroni-adjusted Mann-Whitney U-test were used for comparing intergroup variances through BPD as mild-moderate and severe. We calculated odds ratio values by logistic regression analysis for suPAR after adjusting for confounders, such as PPROM, RDS, patent ductus arteriosus, duration of mechanical ventilation, gender, and chorioamnionitis. Spearman correlation test was used to determine the linear association between BPD severity and suPAR levels. A P value < 0.05 was considered statistically significant.
Istanbul University School of Medicine Ethics Committee approved the study protocol, and written informed consents was obtained from the parents before the blood samples were taken.
